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(57) Abstract: Methods and compositions 
inhibit the growth of cancer cells by selectively 
down-regulating the expression of an IG20 
splice variant including MADD. Specific 
knock-down of MADD splice variant resulted 
in the apoptosis of cancer cells. Interfering 
RNAs including small hairpin RNAs (shRNA) 
to down-regulate MADD expression in vivo are 
disclosed. 
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SELECTIVE I NHIBITION OF IG20 SPLICE VARIANTS TO TREAT CANCERS 

BACKGROUND 

[0001] In eukaryotes, many genes undergo alternative splicing and encode multiple isoforms 

leading to the expression of related proteins that have distinct biochemical as well as biological 
features. The IG20 (Insulinoma-Glucagonoma) is one such gene that undergoes alternative splicing 
and encodes at least four different splice variants (SVs), namely IG20pa, MADD/DENN, IG20-SV2 
and DENN-SV. These four IG20-SVs are distinguished by differential splicing of exons 13L and 16. 
Upon comparison to IG20pa, the splice variants MADD, IG20-SV2 and DENN-SV lack the 
expression of exon 16 or 13L, or both respectively. All four 7G26>-SVs express an N-termfnal leucine 
zipper and a C-terminal death-domain homology region. 

[0002] The IG20 gene plays an important role in cancer cell proliferation, apoptosis and survival, 

most likely through its effects on MAP kinase activation and other cell signaling pathways. 
Additionally, it plays an important role in neurotransmission, neurodegeneration and guanine 
nucleotide exchange. How IG20 is involved in these divergent functions is not yet full known. 

[0003] Expression of the IG20 gene is relatively high in cancer cells and tissues as compared to 

the levels of expression in their normal counterparts. While MADD and DENN-SV are 
constitutively expressed (DENN-SV is over-expressed relative to other SVs in cancer), expression 
of IG20pa and IG20-S V2 appears to be regulated in that they may or may not be expressed in 
certain cells. Gain of function studies through expression of individual IG20-SVs in HeLa cells 
showed that MADD and IG20-SV2 variants have little or no effect on cell proliferation and 
induced apoptosis. IG20pa increased susceptibility to both extrinsic and intrinsic apoptotic stimuli, 
and suppressed cell proliferation and DENN-SV conferred resistance to induced apoptosis and 
enhanced cell proliferation. Thus IG20pa and DENN-SV acted like a "tumor suppressor" and an 
"oncogene" respectively. 

[0004] Knock-down of all endogenous /G20-SVs, using anti-sense oligonucleotides, resulted in 

spontaneous apoptosis of cancer cells in vitro and in vivo, but not normal cells. Since different 
splice variants have different functions and the function of IG20 gene may vary depending 
upon the cell type, it is prudent to develop modalities that allow knockdown of specific 
isoforms to achieve the desired effect including altering cell growth, apoptosis, neuron- 
transmission. Such isoform-specifc knock-down has not yet been demonstrated. In addition, the 
contrasting effects of IG20-SVs noted from gain of function studies can be clarified by knocking- 
down individual endogenous IG20- SVs and determining the consequent effects. This poses several 
challenges because various IG20-SVs differ from each other only by the differential expression of 
very short exons 13L (130 base pairs) and 16 (60 base pairs). Therefore, knock-down of specific 
splice variants of IG20 gene is difficult because of availability of very short target sequences that are 
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differentially expressed in different splice variants and is achieved through the use of specially 
designed small haiipin RNA molecules (shRNA) disclosed herein. 

SUMMARY 

[0005] Methods and compositions selectively down-regulate the expression of a particular IG20 

gene splice variant and thereby promoting cancer cell death in cells that express the particular splice 
variant. For example, MADD splice variant of IG20 gene was down regulated by the use of 
interfering RNA sequences that specifically down regulate MADD splice variant and the down 
regulation was sufficient to cause apoptotic death of cancer cells. 

[0006] Using shRNAs that specifically target exon 15 that is expressed in all isoforms of IG20 and 

designated Mid, or exons 13L and 16 that are differentially expressed in IG20-SVs, the various 
splice variants of IG20 gene were selectively knocked-down in HeLa and PA-1 cells. Knock down 
of MADD (one of the IG20 splice variants) resulted in spontaneous apoptosis and this effect is 
reversible by re-expressing the MADD protein. This result indicated that MADD is required and 
sufficient for the survival of cancer cells. Further, knock down of MADD rendered cells more 
susceptible to TRAIL induced apoptosis. The increased apoptosis was associated with increased 
caspase-8 and caspase-3 activation. The results presented here demonstrate that knock-down of 
MADD causes a significant increase in spontaneous as well as TRAIL induced cell death of cancer 
cells, and support the notion that it is MADD, and not the other three isoforms {i.e. DENN-SV, 
IG20-SV2 and IG20) that is required for cancer cell survival. 

[0007] A method of selectively inhibiting a splice variant of an IG20 (Insulinoma-Glucagonoma) 

gene, the method includes the steps of: 

(a) obtaining an agent that selectively inhibits the expression of an IG20 splice variant; 
and 

(b) contacting a cell that expresses the splice variant to inhibit the splice variant. 
[0008] A suitable splice variant is MADD and a suitable agent is a molecule selected from the 

group that includes siRNA, shRNA and an anti-sense molecule against the IG20 splice variant. 
[0009] A method of specifically down-regulating the expression of a splice variant of an IG20 

(Insulinoma-Glucagonoma) gene, the method includes the steps of: 

(a) obtaining a nucleic acid molecule, wherein the nucleic acid molecule or a 
transcription product thereof is capable of selectively binding to a RNA molecule, 
the RNA molecule including a nucleic acid sequence of a MADD splice variant of 
the IG20 gene; and 

(b) contacting a cell that expresses the MADD splice variant of the IG20 gene with the 
nucleic acid molecule, wherein the nucleic acid molecule down-regulates the 
expression of the MADD splice variant. 



2 



WO 2007/084954 



PCT/US2007/060712 



[0001 0] A nucleic acid molecule includes a nucleotide sequence of CGGCGAATCTATGACAATC 

or a transcribed product thereof that is sufficient to knock-down the expression of MADD splice 
variant or an allelic variant or a mutant thereof. 
[0001 1] A method of inhibiting the growth of a cancer cell includes the steps of: 

(a) obtaining a nucleic acid molecule, wherein the nucleic acid molecule is capable of 
selectively binding to a RNA molecule of a MADD splice variant of the IG20 gene; and 
(b) contacting a cancer cell that expresses the MADD splice variant of the IG20 gene 

with the nucleic acid molecule, wherein the nucleic acid molecule down-regulates the 
expression of the MADD splice variant. 
[0001 2] A suitable nucleic acid molecule targets exon 13L of the MADD splice variant. 

[0001 3] A suitable nucleic acid molecule is selected from a group that includes siRNA, shRNA and 

anti-sense molecule against the MADD splice variant of IG20 that targets a nucleotide sequence of 
MADD selected from a group that includes CGGCGAATCTATGACAATC, allelic variation 
thereof, polymorphisms tiiereof, and a genetic mutation thereof. 
[0001 4] A method of regulating the growth of a cancer cell includes the steps of: 

(a) administering a pharmaceutical composition that consists essentially of a nucleic acid 
that specifically down-regulates the expression of a MADD splice variant of the IG20 
gene in a cancer cell; and 

(b) exposing the cancer cell to a cancer treatment selected from the group consisting of 
radiation therapy, chemotherapy, and antibody therapy or a combination thereof. 

[0001 5] A method of increasing apoptotic cell death in a cancer cell includes the steps of: 

(a) administering a nucleic acid molecule capable of specifically down-regulating the 
expression of a MADD splice variant of an IG20 gene in a cancer cell; and 

(b) increasing the apoptotic cell death in the cancer cell. 

[0001 6] In an aspect, the apoptotic cell death is effected by a caspase. The apoptotic cell death is 

also induced by a TNF-related apoptosis inducing ligand (TRAIL). 
[0001 7] A suitable nucleic acid molecule capable of inducing apoptotic cell death includes a 

nucleotide sequence CGGCGAATCTATGACAATC or an RNA equivalent thereof. 
[0001 8] A pharmaceutical composition consists essentially of a nucleic acid sequence capable of 

selectively inhibiting the expression of a MADD splice variant in a cancer cell. The pharmaceutical 

composition includes a nucleic acid whose nucleotide sequence includes 

CGGCGAATCTATGACAATC or an RNA equivalent thereof. 
[0001 9] A vector includes a nucleic acid sequence capable of selectively inhibiting the expression of 

a MADD splice variant in a cancer cell, wherein the nucleic acid sequence includes 

CGGCGAATCTATGACAATC. 
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[00020] A cell includes an exogenous molecule of an interfering RNA, wherein the RNA molecule 

specifically down-regulates the expression of a MADD splice variant of an IG20 gene. The cell may 
be a cancer cell or a cell predisposed or likely to become cancerous. 

[00021] An isolated nucleic acid molecule encodes a short interfering RNA, the nucleic acid 

includes the structure: 

X sense — hairpin loop — X anti _ sense 
[00022] wherein X includes a nucleic acid sequence CGGCGAATCTATGACAATC. A suitable 

shRNA sequence is generated by a nucleic acid sequence 

CGGCGAATCTATGACAATCTTCAAGAGAGATTGTCATAGATTCGCCG, wherein the hairpin 
loop region is from positions 20-28 (shown as underlined). The nucleic acids may be synthetic. 
[00023] An isolated RNA molecule includes a nucleic acid sequence 

CGGCGAAUCUAUGACAAUC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00024] FIG. 1 shows screening of shRNAs for IG20 knock-down. A. Knock-down of 

expression of exogenous IG20-SVs. 293T cells were plated onto 12- well plates and cotransfected 
with the indicated 7G20-SV-YFP and pSUPER-shRNA constructs. YFP expression is represented as 
Mean Fluorescence Intensity. Data shown (mean + SD of triplicates) are representative of three 
independent experiments each with P values <0.005 for all test groups. B. Specificity of Mid-shRNA: 
Shows the inability of Mid-shRNA to suppress the expression of mutant-IG20pa, -MADD, and - 
DENN-SV constructs. 

[00025] FIG, 2 shows differential down-modulation of endogenous 7G20~SVs in HeLa cells. 1 ug 

total RNA obtained from HeLa cells at 72 hours post- transduction was used for RT-PCR. The 
products were separated on a 2% agarose gel. (A) Shows amplification of all four IG20- SVs using 
F2-B2 primers. (B) Quantification of relative intensities of bands from panel-A using an Alpha 
Imager (Alpha Innotech Corporation, CA). (C) Amplification of IG20pa and MADD using 13L- 
Forward and B2-Reverse primers. (D) Quantification of relative intensities of bands from panel-C. 

[00026] FIG. 3 illustrates effect of down-modulation of IG20-SVs in HeLa cells. (A) Summary 

of results showing percentage of cells with increased nuclear condensation as measured by Hoechst 
staining from three independent experiments. The P value was <0.005 for all test groups. Hoechst 
Staining- 72 hours post-transduction was performed and HeLa cells were collected and stained with 
1 M-g/mL of Hoechst and subjected to FACS analysis. Percentages of highly positive cells (apoptotic 
cells) are indicated on the histograms. (B) Summary of results showing percentage of cells with 
increased mitochondrial depolarization from three independent experiments. The P value was <0.005 
for all test groups. The data were collected from only GFP positive cells. Mitochondrial 
Depolarization-72 hours post-transduction was performed, HeLa cells were collected, and stained 
with TMRM. Loss of staining as a marker of mitochondrial depolarization was detected by FACS. 
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[00027] FIG. 4 shows activation of caspases upon down-modulation of TG20-SVs, (A) General 

activation of caspases-60 hours post-trans duction, HeLa cells were collected and stained for all 
activated caspases using Red-z-VAD-FMK; (B) for Caspase-8 with RedlETD-FMK; and (C) for 
Caspase-9 with Red-LEHD-FMK, and analyzed by FACS. Percentage caspase activation in GFP- 
positive cells is shown (Mean SD of triplicates). 

[00028] FIG. 5 shows effects of IG20 down-modulation on Hela cell proliferation. Cell Growth. 

24 hours post-transduction, HeLa cells were plated as described in materials and methods. Cells 
were then harvested and viable cells (trypan blue negative cells) were counted on indicated days. 
Data represent Mean + SD of triplicates. Cell proliferation. 24 hours post-transduction HeLa cells 
were stained with CF SE-red (SNARF-lcarboxylic acid, acetate, succinimidyl ester), harvested on 
indicated days and evaluated for CFSE-dilution by FACS. The numbers on the histograms 
indicate geometric peak mean intensities of CFSE staining in the transduced cells. Cell survival. 
Show crystal violet staining of cells surviving upon IG20 down-modulation. 

[00029] FIG. 6 shows effects of IG20 down-modulation in PA-1 cells. (A) Down-modulation of 

endogenous IG20 in PA-1 cells. RT-PCR of IG20-SVs using F2-B2 primers from PA-1 cells 72 
hours post-transduction. (B) Amplification of only lG20pa and MADD using 13L-F and B2 
primers. Nuclear Condensation was also determined. 72 hours post-transduction, PA-1 cells 
were stained with Hoechst stain and analyzed by FACS. Percentages of apoptotic cells are indicated 
on the histograms. Mitochondrial Depolarization was performed. 72 hours post transduction, PA-1 cells 
were stained with TMRM and analyzed by FACS. Data shown are representative of three different 
experiments. 

[00030] FIG. 7 shows effects of IG20 down-modulation on PA-1 cell proliferation. (A) Cell 

Growth (B) Proliferation (C) Cell Survival. Experiments were carried out as described previously 
with HeLa cells (see FIG. 5 legend). Data shown are representative of three different experiments. 

[00031 ] FIG. 8 shows MADD down-modulation in HeLa and PA-1 cells results in spontaneous 

apoptosis. (A) and (C) show RT-PCR profile of IG20-S Vs at 24, 48 and 72 hours post shRNA- 
transduction in HeLa and PA-1 cells respectively. (B) and (D) show spontaneous apoptosis as 
measured by Hoechst staining in transduced HeLa and PA-1 cells respectively. Data shown 
represent Mean ± SD of triplicates. 

[00032] FIG. 9 represents down-modulation of MADD enhances susceptibility to TRAIL. Kinetics 

of response (A) and (C). Thirty-six hours post-transduction, HeLa cells were treated with 50 ng of 
TRAIL for different durations. Dose response (B) and (D). HeLa cells were treated for five hours 
with the indicated concentrations of TRAIL. (A and B) Active-caspase-3 was detected using a PE- 
conjugated antibody specific for active-caspase-3 by FACS. Data presented are representative of 
three different experiments and the P-value was <0.005. (C and D) Apoptosis was also measured by 
TMRM exclusion using FACS. Data shown represent mean ± SD of triplicates. 
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[00033] FIG. 10 illustrates down-modulation of MADD results in caspase-8 activation. (A) HeLa 

cells and (B) PA-1 cells were collected 48h post-transduction and probed for caspase-8 and FADD 
which are components of the DISC. As observed, the cleaved intermediate fragments of caspase-8 
(early indication of caspase-8 activation) can be detected upon MADD abrogation. These results 
were reproduced thrice. 

[00034] FIG. 11 represents enhanced TRAIL-mediated apoptosis results from increased caspase-8 

activation. TRAIL treatment results in recruitment of pro-caspase-8 to the receptors followed by its 
cleavage resulting in its activation. The cleaved intermediate fragments (p43/p41) and the 
catalyticaUy active subunits of caspase-8 (pl8) were detected upon TRAIL treatment. Caspase-8 is 
the initiator caspase that can cause activation of the effector caspase-3. Decrease in the amount of 
pro-caspase-3 indicates its cleavage to form active-caspase-3. Actin levels serve as loading control. 

[00035] FIG. 12 shows that CrmA and DN-FADD inhibit the onset of spontaneous apoptosis. (A) 

HeLa and (B) PA-1 cells stably expressing control vector, CrmA or DN-FADD were transduced 
with SCR, Mid and 13L shRNAs. Spontaneous apoptosis was assessed by Hoechst staining 72h 
post-transduction. Data shown are representative of three different experiments. P-value in each case 
was <0.005. 

[00036] FIG. 13 shows DN-FADD and CrmA inhibit TRAIL-induced apoptosis. HeLa cells stably 

expressing control vector, CrmA or DN-FADD were transduced with SCR, Mid and 13L shRNAs. 
Thirty-six hours post-transduction, cells were treated with 50ng of TRAIL for 5 hours. Apoptosis 
was measured by active-caspase-3 staining. Data shown are representative of three different 
experiments. Error bars indicate mean ± SD of triplicates. 

[00037] FIG. 14 shows the results of immunoprecipitation of DR4/DR5 in the absence of ligand. 

Forty-eight hours transduced (A) HeLa cells and (B) PA-1 cells (1 x 10 7 ) were collected and lysed. 
Lysates were normalized for protein concentration and DR4s/DR5s were immunoprecipitated. 
Separated immune complexes were immunoblotted using antibodies specific for caspase-8, FADD 
and DR4/DR5. The caspase-8 and FADD, and DR4/DR5 immunoblots were exposed for 4 hours 
and 30 minutes respectively. This is a representative of three different experiments. 

[00038] FIG. 15 shows down-modulation of MADD results in increased caspase-8 activation at the 

TRAIL DISC. The TRAIL DISC was immunoprecipitated using a biotinylated-antibody specific for 
TRAIL from HeLa cells that were either left untreated or treated with 250ng of TRAIL for 30 
minutes. Complexes were separated on 12% SDS PAGE gel and subjected to immunoblotting with 
the indicated antibodies. All blots were similarly exposed to the film. Increased recruitment of 
FADD and pro-caspase-8 was observed after TRAIL treatment, but increased casapase-8 activation 
was more apparent upon MADD down-modulation. 

[00039] FIG. 16 demonstrates that MADD exerts its anti-apoptotic effect by binding to DR4 but not 

other components of the DISC. To determine whether MADD prevents caspase-8 activation by 
directly binding to caspase-8, HeLa cells were transfected with MADD-YFP. Thirty-six hours post- 
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transduction, cells were either left untreated or treated with 250ng of TRAIL for 30 minutes. 
Samples were lysed and the lysates were normalized for protein concentration and pre-cleared. 
Equal amount of proteins were incubated with either anti-IG20 or anti-caspase-8 antibody. 
Complexes were subjected to immunoblotting as described before. Results show MADD binding to 
DR4, but not caspase-8 or FADD. 
[00040] FIG. 17 is an illustration of a shRNA vector used herein that is capable of stable expression 

of shRNAs. 

[00041 ] FIG. 18 is a schematic illustration of the targets of some of the shRNAs used to knock- 

down specific IG20 splice variants (isoforms). 

[00042] FIG. 19 provides schematic illustration of screening for shRNAs (A) and lentivirus 

production that contain the shRNA expressing vectors (B). 

[00043] FIG. 20 is a chart demonstrating the knock-down effects of the respective shRNAs directed 

against IG20 splice variants, as measured by mean fluorescent intensity. 

DETAILED DESCRIPTION 

[00044] Methods and compositions relate selective down-regulation of a specific IG20 splice variant 

to promote apoptosis of cancer cells. Through the use of specific small hairpin RNA (shRNA) 
molecules, knock-down of an IG20 splice variant, e.g., MADD is demonstrated. This knock-down 
of MADD splice variant in cancer cells resulted in apoptotic cell death. Cell death of cancer cells is 
further characterized by activation of caspases mat are responsible for apoptotic cell death. 

[00045] Down-regulation of MADD splice variant can be accomplished by a number of ways. For 

example knock-down of MADD splice variant can be accomplished through shRNA, siRNA, anti- 
sense expression, small-molecules that specifically lower the RNA levels of MADD or inactivate the 
activity of MADD protein, and synthetic peptide nucleic acid (PNA) oligomers (e.g., containing 
repeating N- (2 -aminoethyl) -glycine units linked by peptide bonds). 

[00046] Agents capable of down-regulating MADD expression are delivered directly to tumors, 

administered by a viral vector capable of transcribing and producing an interfering RNA (RN Ai) 
molecule, liposome, and as pharmaceutical compositions. shRNAs and siRNAs can also be 
delivered as synthetic molecules. 

[00047] The IG20 gene is over-expressed in human tumors and cancer cell lines, and encodes at least 

four splice variants (SVs) namely, IG20 (here referred to as IG20pa), MADD, IG20- SV2 and DENN- 
S V. Gain of function studies showed that IG20-SVs can exhibit diverse functions and play a critical 
role in cell proliferation and apoptosis. Expression of exogenous IG20pa or DENN-SV rendered cells 
either susceptible or resistant to induced apoptosis, respectively; while MADD and IG20-SV2 had no 
apparent effect. 
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[00048] The contrasting effects of the IG20SVs in a more physiologically relevant system are 

analyzed herein by using exon-specific shRNAs to selectively knock-down specific IG20- SVs. 
Knock-down of all IGZO-SVs resulted in spontaneous apoptosis of HeLa and PA-1 cells. 
Simultaneous knock-down of all the splice variants of IG20 may not be therapeutically as effective 
as selective knock-down because down-regulation of all the splice variants result in unexpected and 
undesirable outcomes because different splice variants exhibit different physiologically relevant 
functions such as cell growth, cell growth inhibition, neurotransmission and the like. Moreover, 
IG20 gene through its splice variants, can exert different functional effects on different tissues (e.g. 
neurotransmission in neuronal cells). Also, knock down of all splice variants may be harmful as 
evidenced by the inability of IG20 gene knockout mice to survive. Therefore, knock-down of select 
isoforms facilitates induction of the intended effect and minimizes harmful effects, e.g., death of 
normal cells. Knock-down of MADD can render cells susceptible to spontaneous apoptosis but had 
no discernible effect on cell proliferation, colony size, or cell cycle progression. The utility of 
shRNAs for selective knock-down of particular IG20-SVs is demonstrated. MADD isoform 
expression is required for cancer cell survival, and therefore the methods and compositions 
disclosed herein are therapeutically valuable in targeting specific TG20-SVs to reduce cancer 
growth and thereby promoting selective cancer cell death. 
[00049] MADD abrogation, in addition to causing spontaneous apoptosis, also enhances TRAIL- 

induced apoptosis. MADD interacts with the death receptors (DRs) but not with either the FADD or 
caspase-8, and the spontaneous as well as enhanced TRAIL induced apoptosis result from activation 
of caspase-8 at the DRs without an apparent increase in the recruitment of DISC components. Under 
physiological conditions, MADD acts as a negative regulator of caspase-8 activation. 
[00050] Prior gain of function studies using exogenous IG20-SVs showed that MADD and 

IG20-SV2 have little or no effect on cell proliferation and susceptibility to induced apoptosis. 
However, IG20pa rendered cells highly susceptible to apoptosis induced by different death signals 
including TRAIL, and suppressed cell proliferation. In contrast, it is found that DENN-SV was over 
expressed in tumor tissues and cancer cell lines, and expression of exogenous DENN-SV confers 
resistance to apoptosis and enhance cell proliferation. 
[00051 ] Down-modulation of select combinations of IG20-SVs using siRNAs is demonstrated 

herein. Synthetic siRNA duplexes or expressed shRNAs can bind to the target mRNA and lead to its 
degradation. Specific and the most effective shRNAs against 1G20- SVs were identified by 
screening 5 different shRNAs targeting all isoforms, and 2 each targeting exons 13L and 16 (FIG. 
1 A) and cloned into a lentivirus vector. Use of lentivirus resulted in stable expression of shRNAs 
that is detected through GFP expression. Expressed shRNA down-modulated the targeted IG20-SVs 
(FIG. 2) as early as 24 hours post transduction and lasted at least for 15 days. 
[00052] Significant increase in spontaneous apoptosis of HeLa cells with knock-down of all IG20- 

SVs was noted when assayed for nuclear condensation and mitochondrial depolarization; hallmarks 
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of apoptosis. Earlier studies failed to identify the specific IG20-SV responsible, for cancer cell 
survival. 

[00053] Significant spontaneous apoptosis was observed at 72 hours although the relevant IG20-SV 

transcripts were down-modulated at 24 hours. This is likely due to persistence of pre-formed 
proteins, although the possibility that this duration is required for either accumulation of apoptotic, 
or down-modulation of anti-apoptotic, molecules cannot be ruled out. 

[00054] To determine the requirement of DENN-S V in cancer cell growth and proliferation, exon 1 

3L- and 16- specific shRNAs were expressed in HeLa cells. Interestingly, significant increase in 
spontaneous apoptosis was observed when IG20pa/MADD, but not when IG20pa/IG20-S V2, were 
down-modulated (FIG. 3) without affecting the levels of DENN-SV expression. These observations 
were further substantiated by the observed caspase activation, including caspase-8 and -9 (FIG.- 
4), and indicated that abrogation of MADD expression alone can induce spontaneous apoptosis of 
HeLa cells. 

[00055] Cancer cells die as a consequence of apoptosis due to prolonged arrest in either Gl/S or 

G2/M phases of cell cycle or due to their inability to replicate. Diminished viability of cells upon Mid- 
and 13L-shRNA expression (FIG. 5) was not a consequence of defective cell proliferation or 
perturbed cell cycle progression, but was a direct consequence of spontaneous apoptosis. 
Microscopic examination revealed similar colony size indicating no significant changes in cell 
growth due to knock-down of various IG20-SVs. 

[00056] Apoptosis was consistently higher in 13L-treated, relative to Mid-treated, cells (FIG. 3 and 

6). However, this difference was obscured when a larger amount of MidshRNA virus was used 
suggesting that relative to the amount of 13LshRNA required to target IG20pa/MADD a larger 
amount of Mid-shRNA is required to knock-down all 4 SVs. 

[00057] Unlike HeLa cells that express all 4 IG20-SVs, the PA-1 (ovarian carcinoma) cell line 

expresses predominantly MADD and DENN-SV. This ceU line was used to unambiguously 
demonstrate the role of MADD in promoting cancer cell survival. The results obtained on cell 
proliferation and cell cycle progression with PA-1 cells were very similar to the observations made 
in HeLa cells, and thereby supported the finding that MADD but not any of the other three IG20- 
S Vs can promote cancer cell survival. 

[00058] Down-modulation of MADD alone can cause spontaneous apoptosis. However, over- 

expression of exogenous MADD had no discernible effect on induced apoptosis or cell 
proliferation. Although the mode of action of MADD is not known, it can bind to death receptors 
(DRs) and thus might prevent spontaneous oligomerization of DRs that leads to apoptosis. If the 
endogenous MADD (a pro-survival molecule) was sufficient to prevent DR oligomerization, 
expression of exogenous MADD might have had little or no effect. On the other hand, either 
down-modulation of MADD or expression of exogenous IG20pa (a pro-apoptotic molecule), which 
might act as a dominant negative, renders cells susceptible to apoptosis by facilitating DR 
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oligomerization. In contrast, expression of exogenous DENN-SV (an anti-apoptotic molecule) 
stabilizes or synergizes MADD and prevent apoptosis. It is interesting to note that while IG20pa 
enhanced TRAIL-induced apoptosis was accompanied by increased recruitment of death- 
inducing signaling complex (DISC) and caspase activation; DENN-SV induced resistance was 
characterized by enhanced NFkB activation. Data presented herein demonstrate the requirement 
of MADD for cancer cell survival and the clinical implication of selective abrogation of MADD. 
[00059] Data presented herein also demonstrated that MADD abrogation can lead not only to 

spontaneous apoptosis but also to enhanced TRAIL-induced apoptosis resulting from caspase-8 
activation at the DRs and strongly indicated that MADD can act as a negative regulator of caspase-8 
activation in cancer cells. 

[00060] The levels of expression of DRs and DcRs, or their ligands were unperturbed (FIG. 3). 

Expression of CrmA, a known inhibitor of caspase-1 and -8, or DN-FADD that competes with 
endogenous FADD conferred resistance to spontaneous apoptosis (FIG. 6). Increased activation of 
caspase-8 at the DISC was evident from an increase in the p43/p41 fragments. Caspase-8 activation 
resulting from MADD abrogation was not accompanied by an increase in the recruitment of FADD 
or caspase-8 to the DISC (FIG. 8). 

[00061 ] Although MADD transcripts are depleted by 24h post-transduction of shRNAs, it takes 72h 

for spontaneous apoptosis to set in (FIG. 8). This allowed us to determine susceptibility to TRAIL- 
induced apoptosis of MADD-depleted cells. These results showed that MADD abrogation can cause 
increased caspase-8 activation at the TRAIL-DISC and result in caspase-3 activation, again, without 
enhancing the DISC formation (FIGS. 9-16). 

[00062] Over-expression studies failed to indicate a role for MADD in enhanced cell survival. This 

would suggest that endogenous MADD might be sufficient to fully exert its function and the effects 
of exogenous MADD, if any, thus may not be apparent. Similarly, although exogenous. IG20pa can 
enhance indue ed-apoptosis. IG20pa knock-down failed to confer resistance to TRAIL-induced 
apoptosis. Since IG20pa can be a part of TRAIL-induced DISC, it may act as a dominant-negative 
MADD and render cells more susceptible to induced-apoptosis. Similarly, over-expression of 
DENN-SV enhanced cell proliferation and resistance to apoptosis and expression of DENN-SV in 
the absence of MADD did not prevent apoptosis. DENN-SV, due to its ability to enhance NFkB- 
activation, might complement the pro-survival function of MADD and thus, upon over expression, 
can enhance ceil survival and proliferation. 

[00063] Although the mode of action of MADD is not yet known, it can bind to DRs, but not to 

FADD or caspase-8, and prevent activation of caspase-8 without affecting DR-FADD or FADD- 
caspase-8 interactions (FIG. 10). The proximity-induced dimerization model for caspase-8 activation 
suggests that increased proximity of pro-caspase-8 molecules at the receptor allows them to 
dimerize and undergo activation. Therefore, MADD stearically hinders caspase-8 homodimerization 
and/or activation through its interaction with the DRs. It is also possible that MADD association 
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with the DRs can lead to recruitment of other molecules that can either antagonize caspase-8 (e.g. c- 
FLIP) or are required for the activation of an alternate survival pathway (e.g. MAPKs) that may 
counteract caspase-8. Nevertheless, results show that MADD can constitutively bind to DRs, and not 
to FADD or caspase-8, and prevent caspase-8 activation. The fact that loss of endogenous MADD 
can induce significant spontaneous apoptosis of cancer cells and also enhance their ability to 
undergo TRAIL-induced apoptosis makes this a desirable therapeutic target that is useful either 
alone or in conjunction with TRAIL, to develop novel cancer therapies. 

[00064] MADD cDNA sequence is available on the CfenBank database using accession number: 

NM....1 30470. The interfering RNAs disclosed herein that down-regulate MADD are intended to 
target any allelic variants and naturally occurring mutants of MADD, and polymorphisms that occur 
in MADD that are found in a particular segment of the population. In other words, sequences that 
are highly similar (e.g., about 95% at the amino acid level and about 75% at the nucleic acid level) 
that represent naturally occurring variations in MADD are within the scope of the disclosure, 
wherein the shRNAs and siRNAs disclosed herein are capable of down-regulating the expression of 
such sequences. The shRNA sequences presented herein provide a framework and the specification 
provides guidance (e.g., FIGS. 18-19) to design additional nucleic acid sequences capable of 
producing interfering RNAs to down-regulate MADD splice variant. MADD sequences that are 
about 80% or 90% or 95% similar at the nucleic acid level to the MADD sequence disclosed herein 
are also down-regulated. Accordingly, nucleic acid sequences that generate shRNAs can be 
redesigned to accommodate the variations if those variations occur within the target region. 

[00065] Specific- down-regulation of MADD splice variant or inhibition of its activity is also 

possible by agents such as a small molecule, a peptide nucleic acid, an antibody, inhibitor 
compound, and synthetic nucleic acids that specifically bind to RNA, RNA/DNA hybrids and clown- 
regulate MADD isoform expression. 

[00066] Nucleic acid or nucleic acid sequence or polynucleotide or polynucleotide sequence refers to 

the sequence of a single- or double-stranded DNA or RNA molecule of genomic or synthetic origin, 
i.e., a polymer of deoxyribonucleotide or ribonucleotide bases, respectively. 

[00067] An isolated nucleic acid sequence is substantially separated or purified from other nucleic 

acid sequences with which the nucleic acid is normally associated in the cell of the organism in 
which the nucleic acid naturally occurs. The term includes nucleic acids that are biochemically 
purified so as to substantially remove contaminating nucleic acids and other cellular components. 
The term also includes recombinant nucleic acids and chemically synthesized nucleic acids. The 
term "substantially purified", as used herein, refers to a molecule separated from other molecules 
normally associated with it in its native state. For example, a substantially purified molecule is the 
predominant species present in a preparation, such as, isolated BTI nucleic acid after a PGR. In one 
embodiment, a siRNA molecule includes a double stranded RNA wherein one strand of the RNA is 
complimentary to the RNA of MADD splice variant. In another embodiment, a siRNA molecule of 
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the invention includes a double stranded RNA wherein one strand of the RNA comprises a portion 
of a sequence of RNA having MADD or IG20 gene splice variant sequence. In another embodiment, 
a siRNA molecule includes a double stranded RNA wherein both strands of RNA are connected by a 
non-nucleotide linker. Alternately, a siRNA molecule includes a double stranded RNA wherein both 
strands of RNA are connected by a nucleotide linker, such as a loop or stem loop structure. 

[00068] Short hairpin RNA (shRNA) contains complementary sense and antisense sequences of a 

target gene linked by a loop structure. The target sequence starts as a dsDNA cloned into an 
expression vector that is transcribed to form an shRNA. In the cytoplasm, shRNA is cleaved by 
Dicer generating short sequences of RNA that can inhibit gene expression by RNAL The benefit to 
shRNA is stable transfection of cell lines and enables a single gene in each cell to be targeted. To 
construct shRNA vectors, see Mclntyre and Fanning (2006), Design and cloning strategies for 
constructing shRNA expression vectors, BMC BiotechnoL 2006; 6: 1. 

[00069] In one embodiment, a single strand component of a siRNA molecule is from about 14 to 

about 50 nucleotides in length. In another embodiment, a single strand component of a siRNA 
molecule is about 15-20, 15-21, 14-25, 16-30 or 20-25 nucleotides in length. In yet another 
embodiment, a single strand component of a siRNA molecule is about 23 nucleotides in length. In 
one embodiment, a siRNA molecule is from about 20 to about 40 nucleotides in length. 

[00070] Li an embodiment, an antisense nucleic acid molecule, decoy RNA, dsRNA, siRNA, 

shRNA, or aptamer, nucleic acids include at least one nucleic acid base modification. 

[00071 ] In another embodiment, an antisense nucleic acid molecule, decoy RNA, dsRNA, siRNA, 

shRNA, or aptamer, nucleic acids of the invention comprises at least one phosphate backbone 
modification. 

[00072] Methods for treatment of cancer are described wherein cancer includes for example breast 

cancer, lung cancer, prostate cancer, colorectal cancer, brain cancer, esophageal cancer, stomach 
cancer, bladder cancer, pancreatic cancer, cervical cancer, head and neck cancer, ovarian cancer, 
melanoma, lymphoma, glioma, or multidrug resistant cancer, comprising administering to a subject, 
a nucleic acid molecule or antisense nucleic acid molecule or other nucleic acid molecule capable of 
down-regulating MADD expression or other splice variant of IG20 gene under conditions suitable 
for said treatment. 

[00073] In another embodiment, conventional or other known drug therapies to be used along with 

the down-regulation of MADD or prior to or after MADD down-regulation include monoclonal 
antibodies, specific inhibitors, chemotherapy, or radiation therapy or a combination thereof for 
cancer. 

[00074] Specific chemotherapy include paclitaxel, docetaxel, cisplatin, methotrexate, 

cyclophosphamide, 5-fluoro uridine, Leucovorin, Trinotecan (CAMPTOSAR. ™ or CPT-1 1 or 
Camptothecin-11 or Campto), Paclitaxel, Carboplatin, doxorubicin, fluorouracil carbopiatin, 
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edatrexate, gemcitabine, or vinorelbine or a combination thereof can be administered along with 
agents capable of down-regulating MADD or prior to or after down-regulation ofMADD, 

[00075] Antisense nucleic acid refers to a nucleic acid molecule that binds to target RNA by means 

of RNA— RNA or RNA-DNA or RNA-PNA (peptide nucleic acid) interactions and alters the activity 
of the target RNA . Typically, antisense molecules are complementary to a target sequence along a 
single contiguous sequence of the antisense molecule. However, in certain embodiments, an 
antisense molecule can bind to substrate such that the substrate molecule forms a loop, and/or an 
antisense molecule can bind such that the antisense molecule forms a loop. Thus, the antisense 
molecule can be complementary to two (or even more) non-contiguous substrate sequences or two 
(or even more) non-contiguous sequence portions of an antisense molecule can be complementary to 
a target sequence or both. In addition, antisense DNA can be used to target RNA by means of DNA- 
RNA interactions, thereby activating RNase H, which digests the target RNA in the duplex. The 
antisense oligonucleotides can comprise one or more RNAse H activating region, which is capable 
of activating RNAse H cleavage of a target RNA. Antisense DNA can be synthesized chemically or 
expressed via the use of a single stranded DNA expression vector or equivalent thereof. 

[00076] Double stranded RNA or dsRNA refers to a double stranded RNA that matches a 

predetermined gene sequence that is capable of activating cellular enzymes that degrade the 
corresponding messenger RNA transcripts of the gene. These dsRNAs are referred to as short 
intervening RNA (siRNA) and can be used to inhibit gene expression. The term "double stranded 
RNA" or "dsRNA" as used herein refers to a double stranded RNA molecule capable of RNA 
interference "RNAi", including short interfering RNA "siRNA". 

[00077] Splice variant refers to a specific isoform of IG20 gene that is expressed in one or more cell 

type by alternate splicing. 

[00078] Consisting essentially of means that the nucleic acid molecule includes a nucleic acid 

sequence capable of down-regulating a specific splice variant of IG20 gene. Other sequences can be 
present which do not interfere with the activity. 

[00079] In another aspect nucleic acid molecules or antisense molecules that interact with target 

RNA molecules and down-regulate MADD activity are expressed from transcription units inserted 
into DNA or RNA vectors. The recombinant vectors are preferably DNA plasmids or viral vectors. 
Enzymatic nucleic acid molecule or antisense expressing viral vectors can be constructed based on 
adeno-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the recombinant vectors 
capable of expressing the nucleic acid molecules are delivered as described herein, and persist in 
target cells. Alternatively, viral vectors can be used that provide for transient expression of 
shRNA/siRNA/anti-sense nucleic acid molecules. Such vectors can be repeatedly administered as 
necessary. Once expressed, the interfering nucleic acid molecules bind to the target RNA and down- 
regulate its function or expression. Delivery of nucleic acid molecule or antisense expressing vectors 
can be systemic, such as by intravenous or intramuscular administration, by administration to target 
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cells explanted from the patient or subject followed by reintroduction into the patient or subject, or 
by any other means that would allow for introduction into the desired target cell. Antisense DNA 
can also be expressed via the use of a single stranded DNA intracellular expression vector. 
[00080] Nucleic acid molecules can be administered to cells by a variety of methods known to those 

familiar to the art, including, but not limited to, encapsulation in liposomes, by iontophoresis, or by 
an incorporation into other vehicles, such as hydrogels, cyclodextrins, biodegradable nanocapsules, 
and bioadhesive microspheres. Alternatively, the nucleic acid/vehicle combination is locally 
delivered by direct injection or by use of an infusion pump. Other approaches include the use of 
various transport and carrier systems, for example, through the use of conjugates and biodegradable 
polymers. 

[00081] The molecules disclosed herein can be used as pharmaceutical agents. Pharmaceutical 

agents prevent, inhibit the occurrence, or treat (alleviate a symptom to some extent, preferably all of 
the symptoms) of a disease state in a subject. 

[00082] The negatively charged polynucleotides can be administered (e.g., RNA, DNA or protein) 

and introduced into a subject by any standard means, with or without stabilizers, buffers, and the 
like, to form a pharmaceutical composition. When it is desired to use a liposome delivery 
mechanism, standard protocols for formation of liposomes can be followed. The compositions can 
also be formulated and used as tablets, capsules or elixirs for oral administration; suppositories for 
rectal administration; sterile solutions; suspensions for injectable administration; and the other 
compositions known in the art. 

[00083] Pharmaceutically acceptable formulations of the compounds are described. These 

formulations include salts of the above compounds, e.g., acid addition salts, for example, salts of 
hydrochloric, hydrobromic, acetic acid, and benzene sulfonic acid. 

[00084] A pharmacological composition or formulation refers to a composition or formulation in a 

form suitable for administration, e.g., systemic administration, into a cell or subject, preferably a 
human. Suitable forms, in part, depend upon the use or the route of entry, for example oral, 
transdermal, or by injection. Such forms should not prevent the composition or formulation from 
reaching a target cell (i.e., a cell to which the negatively charged polymer is desired to be delivered 
to). For example, pharmacological compositions injected into the blood stream should be soluble. 
Other factors are known in the art, and include considerations such as toxicity and forms which 
prevent the composition or formulation from exerting its effect. 

[00085] Systemic administration refers to in vivo systemic absorption or accumulation of drugs in 

the blood stream followed by distribution throughout the entire body. Administration routes which 
lead to systemic absorption include, without limitations: intravenous, subcutaneous, intraperitoneal, 
inhalation, oral, intrapulmonary and intramuscular. Each of these administration routes expose the 
desired negatively charged polymers, e.g., nucleic acids, to an accessible diseased tissue, e.g., tumor 
tissue. The use of a liposome or other drug carrier comprising the compounds of the instant 
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invention can potentially localize the drug, for example, in certain tissue types. A liposome 
formulation which can facilitate the association of drug with the surface of cells, such as, 
lymphocytes and macrophages is also useful. This approach can provide enhanced delivery of the 
drug to target cells by taMng advantage of the specificity of macrophage and lymphocyte immune 
recognition of abnormal cells, such as cancer cells. 
[00086] The nucleic acid molecules disclosed herein and formulations thereof can be administered 

orally, topically, parenterally, by inhalation or spray or rectally in dosage unit formulations 
containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles. The 
term parenteral as used herein includes percutaneous, subcutaneous, intravascular (e.g., 
intravenous), intramuscular, or intrathecal injection or infusion techniques and the like. In addition, 
there is provided a pharmaceutical formulation comprising a nucleic acid molecule and a 
pharmaceutically acceptable carrier. One or more nucleic acid molecules can be present in 
association with one or more non-toxic pharmaceutically acceptable carriers and/or diluents and/or 
adjuvants, and if desired other active ingredients. The pharmaceutical compositions containing 
nucleic acid molecules of the invention can be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsion, hard or 
soft capsules, or syrups or elixirs. Pharmaceutical compositions that consist essentially of the nucleic 
acid sequences to knock-down a specific IG20 splice variant may include about 0.1 jug to 1 mg of 
nucleic acid per kg of body weight. Variations in dosage and effects can be optimized using skills 
known to a skilled artisan. 

[00087] In another aspect nucleic acid molecules include an expression vector that includes nucleic 

acid sequence encoding at least one of the nucleic acid molecules, in a manner which allows 
expression of that nucleic acid molecule. The expression vector comprises in one embodiment; a) a 
transcription initiation region; b) a transcription termination region; c) a nucleic acid sequence 
encoding at least one said nucleic acid molecule; and wherein the sequence is operably linked to said 
initiation region and said termination region, in a manner which allows expression and/or delivery of 
said nucleic acid molecule. 

EXAMPLES 

[00088] The following examples are to be considered as exemplary and not restrictive or limiting in 

character and that all changes and modifications that come within the spirit of the disclosure are 
desired to be protected. 

[00089] Example 1: siRNAs can selectively knock-down expression of exogenous IG20-SVs. In 

order to determine which of the IG20-SVs contribute to apoptosis and cell proliferation, 
siRNA (small inhibitory RNA) approach was used to selectively knockdown IG20-SVs (Table 1). 
The siRNAs were cloned into the pSUPER vector to allow for expression of shRNAs (small hairpin 
RNAs). An aspect of such a vector is shown in FIG. 17. 293T cells were co-transfected with YFP- 
IG20pa, YFP-MADD or YFP-DENN-SV along with different shRNA-expressing pSUPER 
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vectors at ratios of 1:1, 1:3 and 1:7. Knock-down of protein expression was assessed by a reduction 
in YFP expression using flow cytometry. Several shRNAs were screened and results for the most 
effective ones are shown in FIG. 1 A. The 13L-shRNA that targets exon 13L down-modulated 
IG20pa/MADD, leaving the expression of IG20- SV2 and DENN-SV unaltered. In contrast, 16E- 
shRNA that targets exon 16, down-modulated IG20pa/IG20-SV2, but not MADD and DENN-SV. 
The Mid-shRNA targeted at exon 15 down-modulated all IG20-SVs. Vector alone or a control 
shRNA had little or no effect on the expression of 7G20-SVs. The sequences provided in Table 1 are 
exemplary and other sequences that specifically target MADD or any other isoform can be designed 
based on the information given in Table 1 and the disclosure in general. 

[00090] The 13L- or 1 6E-shRNAs were highly specific and had little or no effect on IG20- SVs 

devoid of the targeted exon. To further confirm specificity of Mid-shRNA, silent mutations were 
created in cDNAs encoding IG20-SVs at sites corresponding to the 5 th , 7th , 11 th and 14 th 
nucleotides of the Mid-shRNA. These mutations neither affected the amino acid sequence nor 
protein expression. Mutant-/G20-S V constructs were cotransfected with the pSUPER-shRNA and 
assessed for their expression. Mid-shRNA failed to down-modulate the mutant-proteins (FIG. IB) 
further indicating the high specificity of the shRNA to the intended target, FIG, 18 is a schematic 
illustration of the targets of some of the shRNAs used to knock-down specific IG20 splice variants 
(isoforms). FIG. 19 provides schematic illustration of screening for shRNAs (A) and. lentivirus 
production that contain the shRNA expressing vectors (B). Fluorescence values were measured from, 
cells transfected with the respective shRN As (FIG. 20), 

[00091] Example 2: shRNAs effectively knock-down endogenous JG20-SVs. The shRNAs 

described herein were cloned into a self-inactivating lentivirus vector (pNL-SINGFP) and generated 
SUP (vector control), Mid, 13L, 16E and SCR (negative control shRNA) constructs to target 
specific combinations of endogenous IG20-SVs. An illustration of such a vector is shown in FIG. 
17. This enabled identification of expression of double copy cassettes likely resulting in enhanced 
silencing. The transduction efficiency was over 80% as determined by GFP expression. Relative 
to controls (SUP and SCR) HeLa cells expressing Mid-shRNA showed decrease in all IG20-SVs 
(FIG. 2A). While, 13L-shRNA caused near complete abrogation of only IG20pa and MADD, 16E- 
shRNA decreased expression of only IG20pa and IG20-SV2 (2A and 2B), without affecting the 
expression of the other variants. This was confirmed using 13L-forward and B2-re verse primers 
(FIG. 2C and 2D), and F2-forward and 16E-reverse primers, that amplify only IG20pa and MADD, 
and not DENN-SV. The effects of loss of various endogenous IG20-SV transcripts on the ability of 
cancer cells to survive were investigated. 
[00092] Example 3: Down-modulation ofIG20-SVs in HeLa. cells leads to spontaneous apoptosis. 

Spontaneous cell death was determined by nuclear condensation (Hoechst 33342) and loss of 
mitochondrial membrane potential (TMRM staining) (FIG. 3A-B). Down-modulation of all IG20- 
S Vs using the Mid-shRNA resulted in significant spontaneous apoptosis. While down-modulation 
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of IG20pa and IG20-S V2 had no effect, abrogation of MADD and IG20pa led to increased 
spontaneous apoptosis similar to the levels observed in Mid-shRNA expressing ."HeLa ceils. Whether 
the underlying cause of increased spontaneous apoptosis was similar to that noted after induction 
of apoptosis by the extrinsic (caspase-S activation) or the intrinsic (caspase-9 activation) pathway 
was analyzed by determining the percentage of cells that harbored active caspases 8 and 9 using 
flow cytometry. 

[00093] Example 4: Abrogation of MADD and IG20pa leads to increased caspase activation. 

Using a pan-caspase inhibitor, a general increase in caspase activation was observed in cells that 
had reduced MADD expression (FIG. 4A). Increased levels of both active-caspases-8 and -9 
were detected in cells treated with either Mid- or 1 3LshRNA as early as 60 hours (FIG. 4B and 
C), and peaked 72 hours, post-shRNA transduction; indicating activation of both extrinsic and 
intrinsic apoptotic pathways in cells lacking MADD. 

[00094] Example 5: Down-modulation ofIG20-SVs has no apparent effect on HeLa cell 

proliferation. In order to assess the effects on cell growth and proliferation, various shRNA- 
expressing viable cells were counted. Relative to controls, a significant decrease in the numbers of 
viable cells expressing Mid- and 13L-shRNA was observed (FIG. 5). The cells were stained with 
CFSE and cell division was monitored. Lack of difference in CFSE-dilution with time between 
the control, Mid- and 13L-shRNA treated cells indicated that the differences in cell numbers were 
not due to decreased proliferation but spontaneous cell death. Further confirmation was obtained by 
plating equal numbers of HeLa cells expressing various shRNAs and determining the number and 
size of colonies after 12 days. Although significantly fewer colonies were formed by Mid- and 
I SLshRNA expressing cells, the size of the colonies however were comparable to that of 
controls, Further, cell cycle analysis of shRNA-treated cells failed to show significant differences 
and indicated that the primary effect of MADD abrogation is spontaneous apoptosis. 

[00095] Example 6: MADD knock-down in PA-1 ovarian carcinoma cells results in spontaneous 

apoptosis. In HeLa cells, down-modulation of all four, or a combination of IG20pa/MADD or 
IG20pa/IG20-SV2 variants was demonstrated. To unequivocally demonstrate that MADD is 
required for cell survival, PA-1 ovarian carcinoma cells were used that essentially express only 
MADD and DENN-SV and thereby facilitate exclusive down-modulation of MADD. While treatment 
with Mid-shRNA down modulated both MADD and DENN-SV, treatment with 13L-shRNA 
abrogated only MADD expression (FIG. -6). Further confirmation was obtained by using a different 
set of primers to amplify MADD and IG20pa (FIG. 6B). Seventy two hours post-transduction with 1 
3L-shRNA 50% of the cells underwent spontaneous apoptosis. 

[00096] The ability of cells to proliferate was also determined. Equal numbers of PA-1 cells (24 hr 

post-transduction) were cultured and the number of viable cells determined at various time points 
(FIG. 7A). As seen in HeLa cells, loss of MADD resulted in a significant drop in cell numbers. 
There was, however, neither a significant difference in CFSE-dilution nor in the size of colonies (FIG. 
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7B-G). These results clearly demonstrate that endogenous MADD protects cancer cells from 
spontaneous apoptosis; however, it does not affect their ability to proliferate. 

[00097] Example 7: MADD abrogation results in spontaneous as well as enhanced TRAIL- 

induced apoptosis without affecting expression of death (DR) or decoy receptors (DcR), or 
their cognate ligands. Down modulation of IG20 transcripts upon treatment of ceils with 
lentiviruses expressing different shRNAs was monitored by RT-PCR. The IG20 transcripts were 
significantly down-modulated by 24h (PIG. SA, C). These ceils were tested for spontaneous 
apoptosis at 72b post-transduction by Hoechst staining (FIG. 8B, D) or mitochondrial 
depolarization. Abrogation of MADD, but not other isoforms, resulted in spontaneous apoptosis. 

[00098] Although the IG20 transcripts are significantly down-modulated by 24 hrs, the cells do not 

undergo spontaneous apoptosis until 72 hours post shRNA induction. This is most likely due to the 
time required for complete degradation of the remaining endogenous proteins. Therefore, at thirty- 
six hours post-shRNA transduction when there is no indication of spontaneous apoptosis, HeLa cells 
were treated with various concentrations of TRAIL for different durations and assayed for apoptosis. 
Cells devoid of MADD showed enhanced TRAIL-induced apoptosis as indicated by significant 
increases in caspase-3 activation (FIG. 9 A, B) and mitochondrial depolarization (FIG. 9C, D). 
Similar results were obtained in PA-1 ovarian carcinoma cells. 

[00099] Since increases in the levels of expression of DRs and their ligands, or decreases in DcRs 

can result in oligomerization of death receptors followed by apoptotic cell death, the levels of then- 
expression in HeLa and PA-1 cells were tested. No significant difference in the levels of expression 
in various sh-RNA transduced cells relative to control cells was observed, and indicated that 
spontaneous apoptosis resulting from MADD down-modulation was not due to perturbations in the 
levels of DR4, DR5, Fas, FasL, TRAIL, DcRl and DeR2 expression on the ceil surface. Surface 
expression of DRs, DcRs, and their ligands are not altered upon MADD abrogation. HeLa cells 
transduced with the indicated shRNAs for 48h were collected in enzyme-free cell dissociation buffer 
and stained with antibodies (specific to DR4, DRS, DcRl, DcR2, TRAIL, Fas and FasL or isotype 
controls) conjugated to PE. 

[000100] Example 8: Down-modulation of MADD results in activation ofcaspase-8 at the DRs that 

can be inhibited by DN-FADD and CrmA. Only MADD-depleted HeLa and PA-1 cells (Mid and 
13L cells) showed higher amounts of the intermediate active-caspase-8 proteins (p43/41) (FIG. 10A, 
B). These results indicated that as early as 48h after MADD abrogation, pro-caspase 8 (p55/53) is 
processed and cleaved into its intermediate (p43/41) active fragments. Similarly, HeLa cells treated 
with lOOng of TRAIL for the indicated durations (FIG. 11) showed sustained caspase-8 activation 
and subsequent caspase-3 activation as evident from the increased levels of p43/p41 and pi 8 
subunits ofcaspase-8, and a concomitant decrease in pro-caspase-3 levels only in MADD-depleted 
cells. 
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[0001 01 ] Further evidence in support of caspase-8 activation in apoptosis induced by MADD 

abrogation was gained from experiments carried out with HeLa and PA-1 cell lines stably 
expressing DN-FADD (Dominant-negative FADD) or CrmA. The spontaneous cell death that 
occurs due to abrogation of endogenous MADD is dramatically inhibited by both CrmA and DN- 
FADD (FIG. 12). These inhibitors of DISC formation also rendered MADD-depleted HeLa cells 
(36 hours post-ShRNA transduction) resistant to TRAIL-induced apoptosis (FIG. 13). 
[0001 02] Since caspase-8 plays an essential role in receptor-mediated apoptosis that is characterized 

by DISC formation, the status of DISC in cells undergoing apoptosis due to loss of endogenous 
MADD expression was examined. DR4 and DR5 from HeLa and PA-1 cells respectively were 
immunoprecipitated and probed for known DISC components (FIG. 14A, B). FADD andpro- 
caspase-8 were found to be constitutively associated with the DRs in cells with and without MADD 
abrogation. However, the intermediate cleaved fragments of caspase-8 (p43/p41) were detected only 
in MADD-depleted cells, which suggested that activation of caspase-8 at the DRs was associated 
with spontaneous apoptosis. 
[0001 03] TRAIL induced DISC was immunoprecipitated from HeLa cells using a TRAIL-specific 

antibody and subjected to SDS-PAGE followed by western blotting. Staining for various TRAIL- 
DISC components revealed co-precipitation of DR4, FADD and caspase-8 (FIG. 15). Relative to 
control cells (SCR), immunoprecipitates from MADD-depleted cells (13L and Mid) showed 
increased levels of intermediate fragments of caspase-8 (p43/41). This observation correlated with 
enhanced caspase-8 activity observed earlier in these cells upon TRAIL treatment (FIG. 1 1). 
[0001 04] Example 9: MADD binds to DR4, but not caspase-8 or FADD. To examine whether 

MADD confers resistance to apoptosis by interacting with caspase-8, MADD-YFP were expressed 
in HeLa ceUs and immunoprecipitated it using an 7G20-specific antibody from lysates of cells that 
were left either untreated or treated with TRAIL (250ng) for 30 minutes. These proteins were 
separated by SDS-PAGE and subjected to western blot analysis to probe for DISC components. 
Interestingly, DR4 but not caspase-8 co-precipitated with MADD in both untreated and TRAIL- 
treated cells. On the other hand, FADD co-precipitated with caspase-8 upon TRAIL treatment, while 
MADD and DR4 was not be co-precipitated with caspase-8 under either condition (FIG. 16). The 
above results demonstrated that MADD may exert its anti-apoptotic effect by directly binding to 
DR4 but not to caspase-8 or FADD. 



[0001 05] Table 1: Nucleic acid regions targeted for shRNA knock-down analysis. 



siRNA 


Region 


Targeting 
Exon 


Targeting 
Isoform 


SUP 


Vector Control 


None 


None 
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Mid 


5'GTACCAGCTTCAGTCTTTC-3' 


Exon 15 


IG20, MADD, 
SV-2, DSV 


13L 


5' CGGCGAATOTATttAPAATf-T 


txon i oL 


Ivj^U, MAUD ! 


16E 


5" CTCTAATGGAGATTGTTAC-3' 


Exon 16 


IG20, SV-2 


SCR 

control- 

siRNA 


5' TTTAACCGTTTACCGGCCT-3' 


None 


None 



MATERIALS AND METHODS 

[000106] Design ofsiRNA. The siRNAs used to target all, or a combination of /G20-SVs, are shown 

in Table I. Several putative siRNA sequences to target 1G20 transcripts were obtained from the 
Dharmacon (Lafayette, CO}. The most suitable sequences were sorted out based on less than 50% GC 
content, high AU content towards the 3' end and no inverted repeats within the siRNA region 
(Reynolds et ah (2004), Nat Biotechnol, 22(3), 326-30.). 

[0001 07] Plasmid Construction. The siRNAs were cloned into the pSUPER vector using B gill and 

Hindlll sites (BrummelJkamp et al., (2002), Science, 296(5567), 550-3.) to generate pS-Mid, pS-13L, 
pS-16E and pS-SCR plasmids. The respective shRNA cassettes (including the HI RNA promoter 
and the shRNA) were excised form the pSUPER plasmids using Xbal and Clal sites and ligated into 
the pNLSIN-CMV-GFP vector (Lee et al., (2003), / Virol, (22), 11964-72.) to generate SUP (vector 
control), Mid, 13L, 16Eand SCR (negative control) lenti virus constructs. The pcTat, pcRev and 
pHIT/G were gifts from Dr. BR Cullen and Dr. TJ Hope. The IG20pa-YFP plasmid 
(Ramaswamy et al., (2004), Oncogene, 23(3 6), 6083-94) was used as a backbone to sub-clone 
MADD-YFP and DENN-SV-YFP plasmids from respective pBKRSV plasmids (Al-Zoubi et al., 
(2001), J Biol Chem, 276 (50), 47202-11.) using Mlul and EcoRV sites. The DENN-SV-YFP-mut, 
MADD-YFP-mut and TG20-YFP-mut constructs were generated using the Quickchange XL site- 
directed mutagenesis kit (Stratagene, La J oil a, CA) according to the manufacturer's 
protocol. Briefly, the primers 5 

' CGGAACC AC AGT ACA AGCTTT AGCCTCTC A A ACCTC AC ACTGCC3 ' (forward) and 5' 
GGCAGTGTGAGGTTTGAGAGGCTAAAGCTTGTACTGTGGTTCCG3' (reverse) were 
designed to insert silent mutations at four sites in the cDNAs without affecting the amino acid 
sequence, as shown in bold, and were used to amplify the mutant- YFP-cDN As. HindUl site in the 
mutants, generated due to base substiaitions, was used to identify positive clones which were 
subsequently confirmed by sequencing. 
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[000108] Cell Culture. 293T cells, HeLa cells and PA-1 cells were cultured in Dulbecco's modified 

Eagle's medium (Invitrogen, CA) supplemented with 10% fetal bovine serum, 2mM L-glutamine, 100 
U/mL penicillin-G and 100 jag/mL streptomycin. All cell lines were maintained at 37° C in a 
humidified chamber with 5.5% C0 2 . 
[0001 09] Screening ofshRNAs. IG20-YFP constructs were co-transfected with different pSUPER- 

shRNA constructs in different ratios (1 : 1, 1 :3, 1 :7) into 293T cells using Calcium phosphate. 24 hours 
posttransduction, cells were trypsinized, collected and washed twice in cold PBS, and analyzed 
for YFP expression by flow cytometry using a FACS Calibur (Becton Dickinson, NJ). 
[0001 1 0] Leniivirus production. Sub-confluent 293T cells grown in 100 mm plates were co- 

transfected with 10.8 fug of the respective lentivirus vector, 0.6 jug pcRev, 0.6 \ig of pcTat and 
0.3 jig of pHIT/G using calcium phosphate. Culture medium was replaced 16 hours later, and 
the supernatant was harvested 40 hours post-transfection and filtered using a 0.45 jam filter. The 
optimal viral titer for each cell type was determined as the least amount of viral supernatant required 
to transduce 80% of target cells without apparent cytotoxicity. 
[0001 1 1 ] RT-PCR. Total RNA was extracted from 1 x 10 6 transduced cells using Trizol (Invitrogen 

Life Technologies, Carlsbad, CA), and 1 jig of RNA was used for RT-PCR using the Super-Script 
One-Step RT-PCR system (Invitrogen Life Technologies, Carlsbad, CA). Briefly, the cDNAs were 
synthesized at 50°C for 30 minutes followed by incubation at 94°C for 2 minutes. Subsequently, 35 
cycles of PCR were carried out with de-naturation at 95°C for 30 seconds, annealing at 55°C for 
30 seconds and extension at 72°C for 1 minute. This was followed by a final incubation at 72°C for 
7 minutes. The sequences of F2-B2 and GAPDH primers were as published (Al-Zoubi et aL, (2001), 
/ Biol Chem, 276 (50), 47202-11.). 13L-Forward (5 ' CGCCGGCGA ATCTATGAC A AT3 ' ) and B2- 
reverse primers were used to amplify only MADD and IG20pa. The PCR products were then 
separated on a 2% agarose gel. 
[0001 1 2] Hoechst Staining. 5 x 10 5 transduced cells were collected and washed in cold PBS. 1 

jig/mL Hoechst 33342 and 5 jig/mL Propidium Iodide (Sigma, St. Louis, MO) were used to stain 
cells for five minutes. Cells with condensed chromatin were analyzed using a BD-LSR (Becton 
Dickinson, NJ). Highly Pi-positive cells which represent necrotic or late-apoptotic cells were 
excluded from the analysis. Only GFP-positive cells were included in the analysis. 
[0001 1 3] TMRM staining. 5 x 10 5 transduced cells were collected and washed in cold PBS and then 

stained with 1 OOnM tetramethyfrhodamine methyl ester (Molecular Probes, Invitrogen, CA) for 15 
minutes at 37°C. Cells were washed with cold PBS and then subjected to FACS analysis using a 
FACS Calibur. Only GFP-positive (shRNA-expressing) cells were included in the analysis. 
[0001 1 4] Caspase Detection. 5 x 10 5 transduced cells were collected and washed 3X in cold PBS and 

then stained with either Red-z-VAD-FMK (pan-caspases), Red-TETD-FMK (active caspase-8) or 
RedLEHD -FMK (active-caspase-9) (EMD Biosciences Inc.) for 30 minutes at 37°C. Transduced 
GFP-positive cells were analyzed for active caspase staining using a FACS Calibur. 
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[0001 1 5] Cell Proliferation. 24 hours post-transduction, 5 x 10 5 HeLa or 8 x 10 5 PA-1 cells were 

plated into six-well plates. Every other day, cells were collected, washed and stained with trypan 
blue, and trypan blue-negative viable cells were counted. 

[0001 1 6] CFSE Dilution Assay. 24 hours post-transduction, 5 x 10 5 HeLa or 8 x 10 5 PA-1 cells were 

stained with 2 uM SNARF- 1 carboxylic acid, acetate, succinimidyl ester (S-2280 1 , Molecular 
Probes, Invitrogen, CA) for 15 minutes at 37°C. Cells were then washed and either used immediately 
for FACS analysis or plated into six- well plates. Every other day, cells were collected, washed and CFSE 
dilution, as an indicator of cell division, was determined by FACS analysis. 

[0001 17] Crystal Violet Staining. 5 x 10 5 HeLa and 8 x 10 5 PA-1 cells were plated into six-well 

plates. 24 hours later cells were treated with different shRNA-expressing lentiviruses for 4 hours. 
Cells were washed and replenished with fresh warm medium. Twelve days later, cells were fixed in ice- 
cold methanol and stained with crystal violet to assess viability and colony formation. 

[0001 1 8] Antibodies and other reagents. The anti-/G20 peptide polyclonal antibody, raised against 3 

different peptides from the N-terminal, middle and C-terminal region of IG20, has been previously 
described (Al-Zoubi et aL, (2001), J Biol Chem, 276 (50), 47202-11.). Anti-Caspase-8 antibody (C- 
15) was a gift from Marcus E. Peter (Ben May Institute of Cancer Research, University of Chicago, 
Chicago). Anti-FADD antibodies were obtained from BD PharMingen, San Diego, CA., and anti- 
GFP/YFP antibody (JL-8 clone) was purchased from Clontech Palo Alto, CA. Anti-caspase-8 (C-20) 
for immunoprecipitation, anti-DR5 (IMG 120), anti-DR4 (H-130), anti-caspase-3 (H-277) and anti- 
DR4 (B-9 monoclonal) antibodies were obtained from Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA. Anti-TRAIL-biotinylated antibody and recombinant human-TRAIL were obtained from 
Peprotech Inc., Rocky Hill, NJ. Anti-actin antibody was obtained from Sigma- Aldrich Corp, CA. 

[0001 1 9] Total RNA was extracted from 1 x 10 6 transduced cells using Trizol (Invitrogen Life 

Technologies, Carlsbad, CA), and 1 jag of RNA was used for RT-PCR using the Super-Script One- 
Step RT-PCR system (Invitrogen Life Technologies, Carlsbad, CA). RT-PCR was carried out using 
F2-B2 and GAPDH primers. The PCR products were then separated on a 2% agarose gel. 

[0001 20] FACS analysis of cell surface expression of receptors. Forty-eight hours post-transduction, 

HeLa cells were collected in enzyme-free cell dissociation buffer (Invitrogen, CA), washed once 
with PBS containing 0.5% BSA and let stand in the same buffer for 10 minutes at 4° C. PE- 
conjugated anti-DR4 (DJR1 clone), anti-DRS (DJR2-4 clone), anti-DcRl (DJR3 clone), anti-DcR2 
(DJR4-1 clone), anti-TRAIL (clone R1K 2) and anti-FasL (NOK1) antibodies purchased from 
eBiosciences, San Diego, CA and anti-Fas (BD Pharmingen) were used for staining samples for 30 
minutes at 4° C. A mouse IgG antibody was used as isotype control. Cells were washed with PBS 
and GFP-positive cells were analyzed by using a FACS Calibur (Becton Dickinson, NJ). 
[0001 21 ] Suppression ofapoptosis using DN-FADD and CrmA. HeLa and PA-1 cells were 

transfected with either DN-FADD, CrmA or control PCDNA 3.1 vector using Super-Feet reagent 
(Qiagen Inc., CA). Permanently transfected cells were selected in 800 ug/mL of G418. Post- 
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selection, stably transfected cells were grown in medium containing 400 ug/mL of G418. The stable 
cells were transduced with the respective lentiviruses and 72h post-transduction, cells were assayed 
for spontaneous apoptosis. Cells were treated with lOOng of TRAIL 36h post-transduction and 
assayed for apoptosis by active-caspase-3 staining. 

[000122] Active -caspase-3 detection by FACS. Active-caspase-3 levels were detected by analyzing 

PE-positive population using the active-caspase-3 -PE staining kit (BD Pharmingen, San Diego, CA). 
Only GFP~positive cells were included in the analysis using a FACS Calibur. 

[0001 23] Characterization of DISC immunoprecipitated using anti-DR4/DR5 antibody. HeLa cells (2 

x 10 7 ) and PA-1 cells (5 x 10 7 ) transduced for 48h were collected and washed in cold PBS. Washed 
cells were lysed in 1 mL of lysis buffer [30mM Tris/HCl, pH 7.5, 150mM NaCl, 2mM EDTA, ImM 
phenylmethylsulfonyl fluoride (PMSF), protease inhibitors cocktail (Roche, Manheim, Germany), 
1% Triton X-100 and 10% glycerol] on ice for 30 minutes and clarified by centrifugation at 12000 
rpm for 30 minutes at 4° C. Supernatants were normalized for protein concentration and then 
immunoprecipitated using 2ug of H-130 DR4/DR5 antibody on a rotoshaker at 4° C for 4h followed 
by addition of 25 uL of 50% slurry of Protein A/G (Amersham, Piscataway, NJ) beads for 2 hours. 
The beads were then washed three times with lysis buffer and boiled in SDS lysis buffer (62.5 mM 
Tris-HCl, 2% SDS, 10% glycerol, 50mM DTT and bromophenol blue, pH 6.8) for 5 minutes. 
Eluates were then subjected to SDS-PAGE using a 12% gel for subsequent immunoblot analysis. 

[0001 24] Characterization of DISC immunoprecipitated using anti-TRAIL antibody. HeLa (2 x 10 7 ) 

cells transduced for 36h were treated with 250ng of TRAIL (Peprotech) for 30 minutes either at 4° C 
(untreated) or at 37° C (treated), collected, washed in cold PBS and lysed in lmL lysis buffer for 30 
minutes on ice. The lysates were clarified and then normalized for protein concentration. The DISC 
was then immunoprecipitated overnight using 2ug/mL of anti-TRAIL-biotinylated antibody. The 
biotinylated antibody was inunmunoprecipitated with 35 llL of 50% slurry of streptavidin agarose 
beads. The beads were washed three times with lysis buffer, boiled in SDS sample buffer and 
separated on a 12% SDS-PAGE gel for immunoblot analysis. 

[0001 25] Immunoprecipitation of the MADD complex. HeLa cells were transfected with MADD-YFP. 

Thirty-six hours post-transduction HeLa (2 x 10 7 ) cells were collected and left untreated or treated 
with 250ng/mL TRAIL for 30 minutes at 37° C. At the end of the treatment, cells were washed in 
cold PBS and pelletted and then lysed in lmL of DISC lysis buffer for 30 minutes on ice and 
clarified by centrifugation. The supernatants were normalized for protein concentration, pre-cieared 
and were incubated with 10 uL of polyclonal anti-/G20 antibodies on a rotoshaker overnight. The 
complexes were immunoprecipitated with 50% slurry of protein A/G beads. The beads were washed 
three times and boiled in SDS lysis buffer for 5 minutes. The eluates were then subjected to SDS- 
PAGE using a 12% gel for immunoblot analysis. 
[0001 26] Immunoblotting. The membranes were blocked in 5% non-fat dry milk in PBS-Tween (PBS 

with 0.05% Tween 20) for 1 hour. Primary antibodies were used at a concentration of 1 ug/mL and 
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the secondary antibodies were used at a 1:10000 concentration. The blots were developed by 
enhanced chemiluminescence according to the manufacturer' s protocol (Pierce Biotechnology Inc., 
Rockford, EL). 
[0001 27] Sequences: 

[000128] An shRNA sequence for "mid" siRNA is GTACCAGCTTCAGTCTTTCTTCAAGAGA 

GA A AG ACTG A AGCTGGT AC , with the hairpin loop region highlighted in bold. 

[0G0129] An shRNA sequence for **13L" siRNA is CGGCGAATCTATGACAATCTTCAAGAGA 

GATTGTC ATAGATTCGCCG, with the hairpin loop region highlighted in bold, 

[0GG1 30] The cDNA sequence of MADD splice variant is as follows: 

[0001 31 ] cacgtgcatg tgtagcatgc cttggttftt cctttggcat ctgaaaaagg cacaacctga aagacctaga acccagtgtc 

ggtccccagg ccctttggga caggaagaga agagccgtgt ggccgcgggg aggatgtcct gcggcggggc tgtcctcgcg 
gactgactgg actccatctc ccagcgggcg ccgcggcgcg gccacgcccc cccactcccc gcgcgcgccc ggtggagact 
tcgattttca gaattcctcc tgggaatgct gactccttgc ttggtgecct gatgcttcic tgagataaac tgatgaattg gaaecatggt 
gcaaaagaag aagttctgtc cfcggttact tgactatcta gtgatcgtag gggccaggca cccgagcagt gatagcgtgg 
cccagactcc tgaattgcta cggcgatacc ccttggagga tcacactgag tttcccctgc ccccagatgt agtgttcttc tgccagcccg 
agggctgcct gagcgtgcgg cagcggcgca tgagccttcg ggatgatacc tcttttgtct tcaccctcac tgacaaggac 
actggagtca cgcgatatgg catctgtgtt aacttctacc gccccltcca aaagcgaatc tctaaggaga agggggaagg 
tggggcaggg tcccgtggga aggaaggaac ccatgccacc tgtgcctcag aagagggtgg cactgagagc tcagagagtg 
gctcatccct gcagcctcrc agtgctgact ctacccctga tgtgaaccag tctcctcggg gcaaacgccg ggccaaggcg 
ggg^gocgct cccgcaacag tactctcacg tccctgfgcg tgctcagcca ctacccttto ttctccacct tccgagagtg 
tttgtatact ctcaagcgcc tggtggactg ctgtagtgag cgccttctgg gcaagaaact gggcatccct cgaggcgfcac aaagggacac 
catgtggcgg atctttactg gatcgctgct ggtagaggag aagtcaagtg cccttctgca tgaccttcga gagattgagg cctggatcta 
tcgattgctg cgctccccag tacccgtctc tgggcagaag cgagtagaca tcgaggtcct accccaagag ctccagccag 
ctctgacctt tgctcttcca gacccatctc gattcaccct agtggatttc ccactgcacc ttcccttgga acttctaggt gtggacgcct 
gtctccaggt gctaacctgc attctgttag agcacaaggt ggtgctacag tcccgagact acaatgcact ctccatgtct gtgatggcat 
tcgtggcaat gatctaccca ctggaatata tgtttectgt catcccgctg ctacccacct gcatggcatc agcagagcag ctgctgttgg 
ctccaacccc gtacatcatt ggggttcctg ccagcttctt ccfcctacaaa ctggacttca aaatgcctga tgatgtatgg ctagtggatc 
tggacagcaa tagggtgatt gcccccacca atgcagaagt gctgcctatc ctgccagaac cagaatcact agagctgaaa aagcatttaa 
agcaggcctt ggccagcatg agtctcaaca cccagcccat cctcaatctg gagaaattte atgagggcca ggagatcccc 
cttctcttgg gaaggccttc taatgacctg cagtccacac cgtccactga attcaaccca ctcatctatg gcaatgatgi ggattctgtg 
gatgttgcaa ccagggttgc catggtacgg ttottcaatt ccgccaacgt gctgcaggga tttcagatgc acacgcgtac cctgcgcctc 
tttcctcggc ctgtggtagc ttttcaagct ggctcctttc tagcctcacg tccccggcag actecttttg ccgagaaatt ggccaggact 
caggctgtgg agtactttgg ggaatggatc cttaacccca ccaactatgc ctftcagcga attcacaaca atatgtttga tccagccctg 
attggfcgaca agccaaagtg gtatgctcat cagctgcagc ctatccacta tcgcgtctat gacagcaatt cccagctggc tgaggccctg 
agtgtaocac cagagcggga ctctgactcc gaacctactg atgatagtgg cagtgatagt atggattatg acgattcaag ctcttcttac 
tcctcccttg gtgactttgt cagtgaaatg atgaaatgtg acattaatgg tgatactccc aatgtggacc ctctgacaca tgcagcactg 
ggggatgcca gcgaggtgga gattgacgag ctgcagaatc agaaggaagc agaagagcct ggcccagaca gtgagaaetc 
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tcaggaaaae cccccaccgc gctccagctc tagcaccaca gccagcagca gccccagcac tgtcatccac ggagccaact 
ctgaacctgc tgactctacg gagatggatg ataaggcagc agtaggcgfcc tccaagcccc tcccttccgt gcctcccagc attggcaaat 
cgaacatgga cagacgtcag gcagaaattg gagaggggtc agtgcgccgg cgaatctatg acaatccata cttcgagccc 
caatafcggct ttccccctga ggaagatgag gatgagcagg gggaaagtta cactccccga ttcagccaac atgtcagtgg 
caateggget caaaagctgc tgcggcccaa cagcttgaga ctggcaagtg actcagatgc agagtcagac tctcgggcaa 
gctctcccaa cfeccaccgtc tccaacacca gcaccgaggg cttcgggggc atcatgtctt ttgccagcag cctotatcgg aaccacagta 
ccagcttcag tctttcaaac ctcacactgc ccaccaaagg tgcccgagag aaggccacgc ccttccccag tctgaaagga 
aacaggaggg cgttagcgga tcagaagica tctgtcatta aacacagccc aacagtgaaa agagaacctc catcacccca 
gggtcgatcc agcaattcta gtgagaacca gcagttcctg aaggaggtgg tgcacagcgt gctggacggc cagggagttg 
gctggctcaa catgaaaaag gtgcgccggc tgctggagag cgagcagctg cgagtctttg tcctgagcaa gctgaaccgc 
atggtgcagt cagaggacga tgcccggcag gacatcatec cggatgtgga gatcagtegg aaggtgtaca agggaatgtt 
agacctcctc aagtgtacag tcctcagctt ggagcagtcc tatgcccacg cgggtctggg tggcatggcc agcatctttg ggcttttgga 
gattgcccag acccactact atagtaaaga accagacaag cggaagagaa gtccaacaga aagtgtaaat accccagttg 
gcaaggatcc tggcctagct gggcgggggg acccaaaggc tatggcacaa ctgagagttc cacaactggg acctcgggca 
ccaagtgcca caggaaaggg toctaaggaa ctggacacca gaagtttaaa ggaagaaaat tttatagcat ctattgggcc tgaagtaatc 
aaacctgtct ttgaccttgg tgagacagag gagaaaaagfc cccagatcag cgcagacagt ggtgtgagcc fcgacgtctag 
ttcccagagg actgatcaag actctgtcat cggcgtgagt ccagctgtta tgatccgcag ctcaagtcag gattctgaag ttagcaccgt 
ggtgagtaat agctctggag agacccttgg agctgacagt gacttgagca gcaatgcagg tgatggacca ggtggcgagg 
gcagtgttca cctggcaagc tctcggggca cttfegtctga tagtgaaatt gagaccaact. ctgccacaag caccatcttt ggtaaagccc 
acagcttgaa gccaagcata aaggagaagc tggcaggcag ccccattcgt acttctgaag atgigagcca gcgagtctai ctctatgagg 
gactcctagg caaagagcgt tetoctttat gggaccaaat gcaattctgg gaagatgcct tettagotgc tgtgatgttg gagagagaag 
ggatgggtat ggaccagggt ccccaggaaa tgatcgacag gtacctgtcc cttggagaac atgaccggaa gcgcctggaa 
gatgatgaag atcgcttgct ggccacaett ctgcacaacc tcatctccta catgctgctg atgaaggtaa ataagaatga catccgcaag 
aaggtgaggc gcctaatggg aaagtcgcac attgggcttg tgtacagcca gcaaatcaat gaggtgpttg atcagctggc gaacctgaat 
ggacgcgatc tctctatctg gtccagtggc agccggcaca tgaagaagca gacatltgtg giacatgcag ggacagatac 
aaacggagat afcctttttca tggaggtgtg cgatgactgt gtggtgttgc gtagtaacafc cggaacagtg tatgagcgct ggtggtacga 
gaagctcatc aacatgacct actgtcccaa gacgaaggtg ttgtgcttgt ggcgtagaaa tggctcigag acccagctca acaagttcta 
tactaaaaag tgtcgggagc tgtactactg tgtgaaggac agcatggagc gcgctgccgc ccgacagcaa agcatcaaac 
ccggacctga attgggtggc gagttccctg tgcaggacct gaagactggt gagggtggcc tgctgcaggt gaccctggaa 
gggatcaacc tcaaattcat gcacaatcag gttttcatag agctgaafcca cattaaaaag tgcaatacag ttcg&ggcgt ctttgtcctg 
gaggaatttg ttcctgaaat taaagaagtg gtgagccaca agtacaagac accaatggcc cacgaaatct gctactccgt attatgtctc 
ttctcgtacg tggctgczgt tcatagcagt gaggaagatc tcagaacccc gccccggcct gtctctagct gatggagagg ggctacgcag 
ctgccccagc ccagggcacg cccctggccc ctigcigttc ccaagtgcac gatgctgctg tgactgagga gtggatgatg ctcgtgtgtc 
ctctgcaagc eccctgctgt. ggcttggitg gttaccggtt atgtgfcccct ctgagtgtgt cttgagcgtg fcccaccitct ccctctccac 
tcccagaaga ccaaactgcc ttcccctcag ggctcaagaa tgtgtacagt ctgtggggcc ggtgtgaacc cactattttg cgtccttgag 
acatttgtgt tgtggttcet tgtccttgtc cctggcgtta taactgtcca ctgcaagagt ctggctctcc cttctctgtg acccggcatg 
actgggcgcc tggagcagtt tcactctgtg aggagtgagg gaaccctggg gctcaccctc tcagaggaag ggcacagraga 
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ggaagggaag aattgggggg cagccggagt gagtggcagc ctccctgctt ccttctgcat tcccaagccg gcagctactg 
cccagggccc gcagtgttgg ctgctgcctg ceacagectc tgtgactgca gtggagcggc gaattccctg tggcctgcca 
cgcctXcggc atcagaggac gg^gtggtcg aggctagtgg agtcccaggg accgctggct gcictgcctg agcatcaggg 
&8£gggz&gg aaagaccaag ctgggtttgc acatctgtet gcaggctgtc tctccaggca cggggtgtca ggagggagag 
acagcctggg tatgggcaag aaatgactgt aaatatttca gccccacatt atttatagaa aatgtacagt tgtgtgaatg tgaaataaat 
gtcctcaact ccc 

[0001 32] In the MADD cDNA sequence presented above, the highlighted portion in hold indicates 

nucleotides that are absent in a variation of the MADD splice variant, whose sequence is provided 
below: 

^ggtgcaaaagaagaagttctgtcctcggttacttgactatctagtgatcgtaggggccaggcacccgagcagtgatag 

cgtggcccagactcctgaattgctacggcgataccccttggaggatcacactgagtttcccctgcccccagatgtagtgt 

tcttctgccagcccgagggctgcctgagcgtgcggcagcggcgcatgagccttcgggatgatacctcttttgtcttcacc 

ctcactgacaaggacactggagtcacgcgatatggcatctgtgttaacttctaccgctccttccaaaagcgaatctctaa 

ggagaagggggaaggtggggcagggtcccgtgggaaggaaggaacccatgccacctgtgcctcagaagagggtggcactg 

agagctcagagagtggctcatccctgcagcctctcagtgctgactctacccctgatgtgaaccagtctcctcggggcaaa 

cgccgggccaaggcggggagccgctcccgcaacagtactctcacgtccctgtgcgtgctcagccactaccctttcttctc 

caccttccgagagtgtttgtatactctcaagcgcctggtggactgctgtagtgagcgccttctgggcaagaaactgggca 

tccctcgaggcgtacaaagggacaccatgtggcggatctttactggatcgctgctggtagaggagaagtcaagtgccctt 

ctgcatgaccttcgagagattgaggcctggatctatcgattgctgcgctccccagtacccgtctctgggcagaagcgagt 

agacatcgaggtcctaccccaagagctccagccagctctgacctttgctcttccagacccatctcgattcaccctagtgg 

atttcccactgcaccttcccttggaacttctaggtgtggacgcctgtctccaggtgctaacctgcattctgttagagcac 

aaggtggtgctacagtcccgagactacaatgcactctccatgtctgtgatggcattcgtggcaatgatctacccactgga 

atatatgtttcctgtcatcccgctgctacccacctgcatggcatcagcagagcagctgctgttggctccaaccccgtaca 

tcattggggttcctgccagcttcttcctctacaaactggacttcaaaatgcctgatgatgtatggctagtggatctggac 

agcaatagggtgattgcccccaccaatgcagaagtgctgcctatcctgccagaaccagaatcactagagctgaaaaagca 

tttaaagcaggccttggccagcatgagtctcaacacccagcccatcctcaatctggagaaatttcatgagggccaggaga 

tcccccttctcttgggaaggccttctaatgacctgcagtccacaccgtccactgaattcaacccactcatctatggcaat 

gatgtggattctgtggatgttgcaaccagggttgccatggtacggttcttcaattccgccaacgtgctgcagggatttca 

gatgcacacgcgtaccctgcgcctctttcctcggcctgtggtagcttttcaagctggctcctttctagcctcacgtcccc 

ggcagactccttttgccgagaaattggccaggactcaggctgtggagtactttggggaatggatccttaaccccaccaac 

tatgcctttcagcgaattcacaacaatatgtttgatccagccctgattggtgacaagccaaagtggtatgctcatcagct 

gcagcctatccactatcgcgtctatgacagcaattcccagctggctgaggccctgagtgtaccaccagagcgggactctg 

actccgaacctactgatgatagtggcagtgatagtatggattatgacgattcaagctcttcttactcctcccttggtgac 

tttgtcagtgaaatgatgaaatgtgacattaatggtgatactcccaatgtggaccctctgacacatgcagcactggggga 

tgccagcgaggtggagattgacgagctgcagaatcagaaggaagcagaagagcctggcccagacagtgagaactctcagg 

aaaaccccccactgcgctccagctctagcaccacagccagcagcagccccagcactgtcatccacggagccaactctgaa 

cctgctgactctacggagatggatgataaggcagcagtaggcgtctccaagcccctcccttccgtgcctcccagcattgg 

caaatcgaacatggacagacgtcaggcagaaattggagaggggtcagtgcgccggcgaatctatgacaatccatacttcg 

agccccaatatggctttccccctgaggaagatgaggatgagcagggggaaagttacactccccgattcagccaacatgtc 

agtggcaatcgggctcaaaagctgctgcggcccaacagcttgagactggcaagtgactcagatgcagagtcagactctcg 

ggcaagctctcccaactccaccgtctccaacaccagcaccgagggcttcgggggcatcatgtcttttgccagcagcctct 

atcggaaccacagtaccagcttcagtctttcaaacctcacactgcccaccaaaggtgcccgagagaaggccacgcccttc 

cccagtctgaaaggaaacaggagggcgttagtggatcagaagtcatctgtcattaaacacagcccaacagtgaaaagaga 

acctccatcaccccagggtcgatccagcaattctagtgagaaccagcagttcctgaaggaggtggtgcacagcgtgctgg 

acggccagggagttggctggctcaacatgaaaaaggtgcgccggctgctggagagcgagcagctgcgagtctttgtcctg 

agcaagctgaaccgcatggtgcagtcagaggacgatgcccggcaggacatcatcccggatgtggagatcagtcggaaggt 

gtacaagggaatgttagacctcctcaagtgtacagtcctcagcttggagcagtcctatgcccacgcgggtctgggtggca 
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tggccagcatctttgggcttttggagattgcccagacccactactatagtaaagaaccagacaagcggaagagaagtcca 

acagaaagtgtaaataccccagttggcaaggatcctggcctagctgggcggggggacccaaaggctatggcacaactgag 

agttccacaactgggacctcgggcaccaagtgccacaggaaagggtcctaaggaactggacaccagaagtttaaaggaag 

aaaattttatagcatctattgggcctgaagtaatcaaacctgtctttgaccttggtgagacagaggagaaaaagtcccag 

atcagcgcagacagtggtgtgagcctgacgtctagttcccagaggactgatcaagactctgtcatcggcgtgagtccagc 

tgttatgatccgcagctcaagtcaggattctgaagtgagtaatagctctggagagacccttggagctg 

acagtgacttgagcagcaatgcaggtgatggaccaggtggcgagggcagtgttcacctggcaagctctcggggcactttg 

tctgatagtgaaattgagaccaactctgccacaagcaccatctttggtaaagcccacagcttgaagccaagcataaagga 

gaagctggcaggcagccccattcgtacttctgaagatgtgagccagcgagtctatctctatgagggactcctaggcaaag 

agcgttctactttatgggaccaaatgcaattctgggaagatgccttcttagatgctgtgatgttggagagagaagggatg 

ggtatggaccagggtccccaggaaatgatcgacaggtacctgtcccttggagaacatgaccggaagcgcctggaagatga 

tgaagatcgcttgctggccacacttctgcacaacctcatctcctacatgctgctgatgaaggtaaataagaatgacatcc 

gcaagaaggtgaggcgcctaatgggaaagtcgcacattgggcttgtgtacagccagcaaatcaatgaggtgcttgatcag 

ctggcgaacctgaatggacgcgatctctctatctggtccagtggcagccggcacatgaagaagcagacatttgtggtaca 

tgcagggacagatacaaacggagatatctttttcatggaggtgtgcgatgactgtgtggtgttgcgtagtaacatcggaa 

cagtgtatgagcgctggtggtacgagaagctcatcaacatgacctactgtcccaagacgaaggtgttgtgcttgtggcgt 

agaaatggctctgagacccagctcaacaagttctatactaaaaagtgtcgggagctgtactactgtgtgaaggacagcat 

ggagcgcgctgccgcccgacagcaaagcatcaaacccggacctgaattgggtggcgagttccctgtgcaggacctgaaga 

ctggtgagggtggcctgctgcaggtgaccctggaagggatcaacctcaaattcatgcacaatcaggttttcatagagctg 

aatcacattaaaaagtgcaatacagttcgaggcgtctttgtcctggaggaatttgttcctgaaattaaagaagtggtgag 

ccacaagtacaagacaccaatggcccacgaaatctgctactccgtattatgtctcttctcgtacgtggctgcagttcata 

gcagtgaggaagatctcagaaccccgccccggcctgtctctagctga 

[000133] The amino acid sequence of MADD is as follows: 

[000134] MVQKKKFCPRLLDYLVTVGARHPSSDSVAQTPELLRRYPLEDHTEFPLPPDVVFFCQ 
PEGCLSVRQRRMSLRDDTSFVFTLTDKDTGVTRYGICVNFYRSFQKM 
KEGTHATCASEEGGTESSESGSSLQPLSADSTPD 
SHYPFFSTFRECLYTEKREVDCCSER^ 

DLREIE A WIYRLXRSP VP VS GQKRVDIE VLPQELQP ALTFA LPDPSRFTL.VDFPL,HLPLEL,LG 

VDACLQVLTCJLLEHKVVLQSRDYNALSMSVMAFVAMIYPLEYMFPVIPLLFTCM 

LLAPTPYHGVPASFFL/YKLDFJO^ 

QALASMSUNTrQP^ 

MVRFFNSANVLQGFQMHTRT1LRLFPRPVVAFQAGSFLASRPRQTPFAEKLARTQAVEYFGE 
WILNPTNY"AFQRIHNN1V1FDPALIGDKPKWYA 

SEPTDDSGSDSMDYDDSSSSYS>SLGDFVSEMMKCDINGDTPNVDPLTHAALGDASEVEIDE 

LQNQKEAEEPGPDSENS QENPRLRSSSSTTASSSPST VIHGANSEPADSTEMDDKAAV G VSK 

PLPSVPPSIGKvSNlVTDRRQAEIGEGSVRRRIYDNPYFEPQYGFPPEEDEDEQGESYTPRFSQHV 

SGNRAQKI.ERPNSLRLASDSDAESDSRASSPNSTVSNTSTEGFGGIMSFy\SSLYRNHSTSFSL 

SNLTLPTKGAREKATPFPSLKGKRRALVDQKSSVIKHSPTVKREPPSPQGRSSNSSENQQFLK 
EVVHSVIJDGQGVGWIJ^ 

VYKGMLDLLKCTYLSLE^^ 

VGKX>PGLAGRGDPKAMAQLRVPQLGPRAPSATGK 

DLGETEEKKSQISADSGVSLTSSSQRTDQDSVIGVSPAVMIRSSSQDSEVSTVVSNSSGETLG 
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ADSDI^SNAGDGPGGEGSVJfflLASSRGTLSDSEJETNSATSTIFGKAHSLKPSIKEKLAGSPIRT 

SEDVSQRVYLYEGJLI.GKERS7XWDQMQFWEDAFLDAVMLEREGMGMDQGPQEMIDRYL 

SLGEH^DRKREEDDEDRLLATLLHNLISY^ILLMKVNKl^lRKKVRRLMGKvSHJGLVYSQQm 

EVLDQLANLNGRDLSIWSSGSRHMKKQTFVVHAGTDTNGDIFFTwlEVCX>DCVVLRSNIGTV 

YERWWYEKLINMTYCPKTKVLCLWRRNGSETQLNKFYTKKCRELYYCVKDSMERAAAR 

QQSIKPGPELGGEFPVQDLKTGEGGLLQVTLEGINLKFMHNQVFIELNHIKKCNTVRGVFVL 

EEFVPEIKEVVSHKYKTPMAHEICYSVECLFSYVAAVHSSEEDERTPPRPVSS, 
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CLAIMS: 

1 . An isolated nucleic acid that selectively down-regulates the expression of a splice variant of an IG20 
(Insulinoma-Glucagonoma) gene, wherein the splice variant is MADD. 

2. Use of the nucleic acid of claim 1 to specifically down-regulating the expression of a splice variant 
of an IG20 (Insulinoma-Glucagonoma) gene comprising: 

(a) obtaining the nucleic acid molecule of claim 1, wherein the nucleic acid molecule or a 
transcription product thereof is capable of selectively binding to a RNA molecule, the RNA 
molecule comprising a nucleic acid sequence of a MADD splice variant of the IG20 gene; and 

(b) contacting a cell that expresses the MADD splice variant of the IG20 gene with the nucleic acid 
molecule, wherein the nucleic acid molecule down -regulates the expression of the MADD 
splice variant. 

3. The use of claim 2, wherein the nucleic acid molecule is selected from the group consisting of 
siRNA, shRNA and anti-sense molecule against the MADD splice variant of IG20. 

4. The use of claim 2, wherein the nucleic acid molecule targets exon 13L of the MADD splice variant. 

5. The use of claim 2, wherein the nucleic acid molecule comprises a nucleotide sequence of 
CGGCGAATCTATGACAATC or a transcribed product thereof, sufficient to knock-down the expression of 
MADD splice variant or an allelic variant or a mutant thereof. 

6. Use of the nucleic acid of claim 1 to inhibit the growth of a cancer cell, the method comprising: 

(a) obtaining the nucleic acid molecule of claim 1, wherein the nucleic acid molecule is capable of 
selectively binding to a RNA molecule of a MADD splice variant of the IG20 gene; and 

(b) contacting a cancer cell that expresses the MADD splice variant of the IG20 gene with the 
nucleic acid molecule, wherein the nucleic acid molecule down-regulates the expression of the 
MADD splice variant. 

7. The use of claim 6, wherein the nucleic acid molecule is selected from the group consisting of 
siRNA, shRNA and anti-sense molecule against the MADD splice variant of IG20 that targets a nucleotide 
sequence of MADD selected from the group comprising CGGCGAATCTATGACAATC, allelic variation 
thereof, polymorphisms thereof, and a genetic mutation thereof. 

8. Use of the nucleic acid of claim 1 to regulate the growth of a cancer cell, the method comprising: 

(a) administering a pharmaceutical composition consisting essentially of the nucleic acid 
of claim 1 that specifically down-regulates the expression of a MADD splice variant of 
the IG20 gene in a cancer cell; and 

(b) exposing the cancer cell to a cancer treatment selected from the group consisting of 
radiation therapy, chemotherapy, and antibody therapy or a combination thereof. 

9. Use of the nucleic acid of claim 1 to increase apoptotic cell death in a cancer cell, the method 
comprising: 

(a) administering the nucleic acid molecule of claim 1, the nucleic acid capable of 
specifically down-regulating the expression of a MADD splice variant of an IG20 gene in a cancer cell; and 
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(b) increasing the apoptotic cell death in the cancer cell. 

10. The use of claim 9, wherein the apoptic cell death is effected by a caspase. 

1 1 . The use of claim 9, wherein the apoptotic cell death is induced by a TNF-related apoptosis inducing 
ligand (TRAIL). 

12. The use of claim 9, wherein the nucleic acid molecule comprises a nucleotide sequence 
CGGCGAATCTATGACAATC or an RNA equivalent thereof. 

13. A method of selectively inhibiting a splice variant of an IG20 (Insulinoma-Glucagonoma) gene, the 
method comprising: 

(a) obtaining an agent that selectively inhibits the expression of an IG20 splice variant; and 

(b) contacting a cell that expresses the splice variant to inhibit the splice variant. 

14. The method of claim 13, wherein the splice variant is MADD. 

15. The method of claim 13, wherein the agent is a molecule selected from the group consisting of 
siRNA, shRNA and an anti-sense molecule against the IG20 splice variant. 

16. A pharmaceutical composition consisting essentially of the nucleic acid of claim 1 capable of 
selectively inhibiting the expression of a MADD splice variant in a cancer cell. 

17. The pharmaceutical composition of claim 16, wherein the nucleic acid sequence comprises 
CGGCGAATCTATGACAATC or an RNA equivalent thereof. 

18. A vector comprising the nucleic acid of claim 1 capable of selectively inhibiting the expression of a 
MADD splice variant in a cancer cell, wherein the nucleic acid comprises CGGCGAATCTATGACAATC. 

19. A cell comprising the nucleic acid molecule of claim 1, wherein the nucleic acid specifically down- 
regulates the expression of a MADD splice variant of an IG20 gene. 

20. The nucleic acid of claim 1, wherein the nucleic acid encodes a short interfering RNA, the nucleic 
acid comprising the structure: 

X scnsc — hairpin loop — X ant i_ scnsc 

wherein X comprises a nucleic acid sequence CGGCGAATCTATGACAATC. 

21. The nucleic acid of claim 20, wherein the nucleic acid sequence is 

CGGCGAATCTATGACAATCTTCAAGAGAGATTGTCATAGATTCGCCG, wherein the hairpin loop 
region is from positions 20-28. 

22. The nucleic acid of claim 1 is synthetic. 

23. The nucleic acid of claim 1 encoding an RNA molecule comprising a nucleic acid sequence 
CGGCGAAUCUAUGACAAUC. 
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